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© A cooling device for protecting an elongated apparatus against a hot environment. 


© The invention concerns cooling device for pro- 
tecting an elongated apparatus against a hot environ- 
ment by means of a coolant fluid circulating around 
the apparatus (5, 6, 9). This device includes 
- two tubular concentric metal sheaths (11, 12) dis- 
posed coaxially around the elongated apparatus (5, 
6, 9), the interspace between the sheaths being 
closed at a first end (15) thereof and a coolant inlet 

*J(19) and a coolant outlet (20) being associated to a 

^second end thereof (16), 

CO- a plurality of parallel coolant fluid tubes (13) ex- 
CD tending from said second end (16) to a level at a 
^ short distance from the first end (15), the axes of 
00 these tubes being parallel to that (14) of the sheaths 


If) 
CO 


(11, 12) and regularly distributed in said interspace, 
the outer diameter of said tubes corresponding to 
Othe radial width of said interspace, and the coolant 
^ fluid inlet (19) being coupled to the assembly of said 
UJ tubes (13) at the second end (16), whereas the 
coolant outlet (20) is coupled at said second end 
(16) to said interspace outside said tubes (13). 


The invention has been conceived in particular 
for protecting a TV camera of a high temperature 
vessel inspection system. 
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A COOLING DEVICE FOR PROTECTING AN ELONGATED APPARATUS AGAINST A HOT ENVIRONMENT 


The invention refers to a cooling device for 
protecting an elongated apparatus against a hot 
environment by means of a coolant fluid circulating 
around the apparatus. The invention applies in par- 
ticular to cooling a TV camera located at the inner 
end of a vessel inspection tube. 

In many industrial applications. TV cameras are 
used for the remote supervision of the inside of 
vessels submitted to vacuum, radiation and/or high 
temperature. This is the case for example in fusion 
experiments carried out in a torus-shaped vacuum 
vessel. As may be seen from the document Fusion 
Technology. Vol. 11. Jan. 1987. pages 277 to 281. 
the TV camera is housed at the lower end of a long 
metal tube which terminates in a glass cylinder. 
The camera is lowered into the vessel by a car- 
nage suspended at the upper vessel wall, the vacu- 
um barrier being constituted by long bellows allow- 
ing for the vertical stroke of the camera. 

Until now. the inspection of the vessel could 
take place only if the vessel temperature was suffi- 
ciently low for the temperature tolerated by the TV 
camera. Thus, the vessel could not be inspected 
immediately after a fusion experiment as the tem- 
perature inside the vessel is as high as 350 C, 
whereas the camera temperature should not ex- 
ceed 40 C. 

It should be noted that due to the size of the 
vessel and its surrounding protective wails, the 
length of the tube in which the camera is housed 
amounts to 4 m and more, which renders classical 
heat shielding solutions inapplicable. Such solu- 
tions are for example double-walled containers with 
the interspace between the walls being evacuated, 
or a mineral wool package around the sensitive 
apparatus. Without such a package, a coolant fluid 
flow alone would not have the desired effect, as 
this fluid would become heated up along its long 
way to the camera. 

It is the main object of the invention to provide 
for a cooling device which protects an elongated 
apparatus against a hot environment by means of a 
coolant fluid circulating around the apparatus and 
which is able to keep the camera at a temperature 
below 35 'C while the environment temperature is 
350* C. A further object of the invention is "to pro- 
vide a minimum of bulk for this device, to be 
applicable to elongated apparatus of considerable 
length, for example 4 m, and to withstand a nuclear 
radiation in the environment. 

These objects are achieved in accordance with 
the invention by the fact that the device includes 
- two tubular concentric metal sheaths disposed 
coaxially around the elongated apparatus, the inter- 
space between the sheaths being closed at a first 


end thereof and a coolant inlet and a coolant outlet 
being associated to a second end thereof. 
- a plurality of parallel coolant fluid tubes extending 
from said second end to a level at a short distance 
5 from the first end. the axes of these tubes being 
parallel to that of the sheaths and being regularly 
distributed in said interspace, the outer diameter of 
said tubes corresponding to the radial width of said 
interspace, and the coolant fluid inlet being coupled 
w to the assembly of said tubes at the second end, 
whereas the coolant outlet is coupled at said sec- 
ond end to said interspace outside said tubes. 

As far as preferred embodiments of the inven- 
tion are concerned, reference is made to the de- 
75 pendent claims. 

The invention will now be described in detail in 
relation to a preferred embodiment thereof and to 
the accomanying drawings. 

Fig. 1 shows a cut through a viewing system 
20 in a torus vessel of a fusion experiment incorporat- 
ing the device according to the invention. 

Fig. 2 is a cut view along line ll-ll in figure 1 
drawn to an enlarged scale. 

The entire viewing system is enclosed in a 
25 vertical stainless steel tube 1. the lower end of 
which bears a viewing glass cylinder 2 and the 
upper end of which is connected to a bellow 3. The 
tube 1 can be moved vertically from a position in 
which the viewing glass cylinder 2 is retracted from 
oo the vessel and a position in which it penetrates into 
the vessel. Due to the bellow 3, the inside of the 
tube 1 is always sealed against the vacuum of the 
vessel 4. 

The tube 1 of about 4 m length contains in the 
35 lower part a TV camera 5 and some lenses 6 as 
well as a prism 7 and a light source 8 in the same 
manner as described in the above cited prior art 
(Fusion Technology, Vol. 11, January 1987). These 
components can be controlled in operation by mo- 
40 tors such as 9 via control signals transmitted 
through an electric cable 10 from the upper end of 
the tube 1 . There might further be provided air 
cooling means for the camera in order to withdraw 
heat radiated through the glass cylinder towards 
45 the camera. The air is made to pass through be- 
tween two windows 23 and 24 located in front of 
the lens 6. 

The device for cooling the camera against the 
high temperature in the vessel 4 consists of two 
so concentric tubular metal sheaths 11 and 12 and of 
a plurality of small metal tubes 13 disposed there- 
between as shown in greater detail in fig. 2. The 
sheaths and the small tubes are made of stainless 
steel. The sheaths 11 and 12 are concentric with 
respect to the axis 14 of the tube 1 and extend 
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over nearly the entire length of said tube between a 
first end 15 at the level of the transition between 
the stainless steel tube 1 and the viewing glass 
cylinder 2. and a second end 16 above the bellow 
3. The outer diameter of the small tubes 13 is 
selected so that these tubes fit closely in the 
interspace between the two sheaths 11 and 12. 
The outer sheath presents near its first end a 
shoulder 17 allowing the ends of the tubes 13 to 
abut thereagainst. The axes of the tubes 13 are all 
parallel to the axis 14 of tube 1 and their distance 
corresponds to at least three times their outer 
diameter in order to divide the entire interspace 
between the sheaths 11 and 12 into two areas of 
approximately equal total cross-section, the first 
area being defined by the inner cross-section of all 
the small tubes 13 and the second by the remain- 
ing space in said interspace outside said tubes 13. 

The interspace 13 between both sheaths 11, 12 
is closed tightly at the first end below the shoulder 
17. At the second end 16, the two sheaths are 
surmounted by a collector and distributor head 18 
for a coolant fluid such as water. This head com- 
prises a water inlet 19 and a water outlet 20 and is 
divided into two spaces 21 and 22, the first one 
coupled to the inlet 19 on the one side and to the 
small tubes 13 on the other side, and the other one 
coupled to the outlet 20 on the one side and to the 
interspace between the sheaths 11 and 12 on the 
other side. 

The device operates as follows: 
The cooling water fed to the inlet 19 flows 
towards the first end 15 inside the small tubes 13 
and returns through the space therebetween. Due 
to the fact that only line contact exists between the 
tubes 13 and the outer sheath 1 1, the coolant water 
is heated up only to a very small extent from the 
hot environment inside the vessel 4 during its way 
down in the tubes 13. At the lower end of the small 
tubes 13 (at the level of the shoulder 17), the cold 
water leaves the small tubes and begins to flow 
upwards while carrying heat away, thus keeping 
the temperature especially in the lower part of the 
device close to the first end 15 at a very low level. 

Practical results can be reported relating to a 4 
m long device including an outer sheath 11 of 44,4 
mm in diameter, an inner sheath 12 of 38,1 mm in 
diameter and 22 small tubes 13 therebetween of 3 
mm in diameter. If water at a flow rate of 6 l/min 
and 18* C is fed into the inlet 19 and the tempera- 
ture in the vessel is about 350 *C, the camera is 
kept at a temperature of 35* C without any addi- 
tional cooling air flow inside the camera. The re- 
sulting pressure drop between inlet 19 and outlet 
20 has been measured to be only about 100 mbar. 
But in this particular case, the system is able to 
support 7 bars. 

The invention is not restricted to the embodi- 


ment shown in the drawings. The cooling device 
can be applied to other elongated apparatus and to 
other environments than fusion experiment vessels. 
The small tubes can be kept in place between 

5 the two sheaths by means of soldering or only by 
friction, as they do not support any distorsion ef- 
forts and as even a slight displacement of one of 
the tubes does not affect the correct function ing of 
the device. The entire device according to the 

w invention can be made integral with the elongated 
apparatus to be protected or else constitute an 
individual cooling jacket fastened to the outer tube 
1. 

Claims 

1 . A cooling device for protecting an elongated 
apparatus against a hot environment by means of a 
20 coolant fluid circulating around the apparatus (5, 6, 
9) characterized in that the device includes 

- two tubular concentric metal sheaths (11, 12) 
disposed coaxiaily .around the elongated apparatus 
(5. 6, 9), the interspace between the sheaths being 

25 closed at a first end (15) thereof and a coolant inlet 
(19) and a coolant outlet (20) being associated to a 
second end thereof (16), 

- a plurality of parallel coolant fluid tubes (13) 
extending from said second end (16) to a level at a 

30 short distance from the first end (15), the axes of 
these tubes being parallel to that (14) of the 
sheaths (11, 12) and being regularly distributed in 
said interspace, the outer diameter of said tubes 
corresponding to the radial width of said inter- 

35 space, and the coolant fluid inlet (19) being coup- 
led to the assembly of said tubes (13) at the 
second end (16), whereas the coolant outlet (20) is 
coupled at said second end (16) to said interspace 
outside said tubes (13). 

40 2. A cooling device according to claim 1, char- 

acterized in that at least one of the sheaths (11) 
presents a shoulder (17) at said level a short dis- 
tance away from the first end (15) for allowing the 
ends of the tubes (13) to abut thereagainst. 

45 3. A cooling device according to any of the 

preceding claims, characterized in that the coolant 
fluid is water. 
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